Objectives: This study aimed to evaluate whether placing a threaded plug in the hole of a locking plate at the fracture level is beneficial for increasing the resistance of the plate.
INTRODUCTION
The locking compression plate allows the combination of standard plate technology and locking screws having angular stability along with inter-fragmentary compression, and it is contemporarily being used for fracture fixation (1, 2, 3) .
Further understanding of fracture biology and biomechanics has allowed surgeons to use better-designed implants. To restore anatomy and mechanical stability, adequate plate fixation is necessary; thus, uneventful fracture healing can be achieved (4) . A plate screw system maintains functionality if the forces applied to the system do not impair stability (5). However, failure can still occur. Distribution and appropriate positioning of screws are important to avoid insufficiency of the plate. Mechanical forces may lead to disruption of the implant after reduction and fixation of the fracture (6, 7, 8) . Screws may break, and plate breakage or plastic deformation may occur. When fatigue failure occurs, it is likely to be at the level of the open hole over the fracture site (9, 10) . Various factors, such as the quality of bone, surgical technique, and materials used, may influence the mechanical environment of the implant.
However, there is limited research in the literature, particularly on the distribution of tension and deformation associated with forces applied after fixation of a fracture with implants and on whether placement of a threaded plug in the hole of the implant at the fracture level is useful.
The aim of the present study was to evaluate if the rigidity, elastic force, bending moment, and elastic deformation are improved by placing an additional threaded plug at the fracture level. We hypothesize that all these parameters will be improved by filling the empty hole at the fracture level. 
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MATERIAL AND METHODS
Study Design
This trial was carried out after receiving approval from the local ethics committee for experimental studies. The study included a total of 12 sheep tibia bones. For all the bones, soft tissue was removed, and all bones, except for control bones, were cut at the midshaft level with an electric saw. We used a standard 3.5 mm titanium 10-hole locking compression plate. The plate was placed and held with reduction forceps after obtaining adequate axial compression according to AO principles, and then, the plate was fixed with locking screws. The bones were randomly allocated into three groups. Group 1 (n = 4) included intact bones with no fracture or surgical intervention. In Group 2 (n = 4), tibial fractures were fixed with implants, but there was no threaded plug in the hole at the fracture level. In Group 3 (n = 4), screw fixation of the implant was performed, and a threaded plug was placed in the hole at the fracture level. The plate was on the side of force application in the three-point bending test. Figure 1 demonstrates the fixation of tibial fractures in Groups 2 and 3.
Finite element analysis (FEA) is a computerized method for predicting how a product would react to certain conditions in the real world, and it might indicate whether a product will break or work the way it was designed. The models were analyzed using Autodesk FEA software. Three-dimensional models of bones were obtained by using two-dimensional computed tomography (CT) images. Figure 2 demonstrates three-dimensional models of implant fixation in Groups 2 and 3. During analysis of the intact bone model, a force of 1224 N was applied, and the distance between two support points was 105 mm. As the load employed in the experimental model for the limit of elasticity was 1224 N, this value was selected in FEA as well. Figure 3 exhibits the FEA of a bone model in which 20,996 finite elements and 12,511 knots were used. Evaluation of the deformation and tension of the intact bone after application of 1224 N of force indicated compression of 0.757 mm ( Figure 4) .
Tension in the vertical axis of the bone and total equivalent tension were calculated. In the middle part of the bone, pulling tension at the lower portion and compression tension at the upper portion were 61.2 and 68.6 MPa, respectively. These values were within the elasticity limits of the bone.
Analysis of the bone fracture model was performed after fixation involving an implant and eight 
The EI value is important for evaluating the mechanical and physical behaviors of materials.
Results obtained after the experiments are presented in Table 1 .
Statistical Analysis
All statistical analyses were performed using commercially available software (Statistical Package for Social Sciences, version 23, (IBM Corp., Armonk, NY, USA.) with 95% confidence intervals. One-way analysis of variance (ANOVA) and Tukey tests were used to compare differences among groups.
RESULTS
We found that the greatest rigidity and elastic force in conjunction with the lowest amount of deformation were in Group 1 (control group). Elasticity and rigidity were better in Group 3 than in Group 2, and deformation was less obvious in Group 3. The mean elastic force in Group 3 was 22.4% of that in Group 1, whereas the mean elastic force in Group 2 was 19% of that in Group 1. Similarly, the rigidity in Group 3 was 24.7% of that in Group 1, whereas the rigidity in Group 2 was 18.3% of that in Group 1. In other words, placement of an additional threaded plug at the fracture level appeared to improve stabilization; however, the difference between Groups 2 and 3 was not statistically significant.
Analysis of the situation without a threaded plug placed in the hole at the fracture level revealed a defor- In the bone implant model with a threaded plug placed in the hole of the implant at the fracture level, a force of 724 N was administered at the plug with a distance of 105 mm between support points. The greatest deformation in the vertical plane was 1.163 mm, and the greatest amount of tension measured at the implant for pulling and compression were 599 and 795 MPa, respectively.
The intact bone in Group 1 showed the highest resistance. Although the force applied in this group was higher than the forces applied in Groups 2 and 3, deformation and tension were lower. The same amount of force (724 N) was applied in Groups 2 and 3. Deformation in the vertical axis was less obvious, and tension at the upper and lower surfaces of the implant was reduced in Group 3.
With regard to elastic force, ANOVA showed a significant difference between the tested groups (p < 0.05). The mean elastic force was 1223.80 in Group 1, 232.99 in Group 2, and 274.68 in Group 3. The Tukey test showed significant differences between Group 1 and Groups 2 and 3 (p < 0.05). However, the difference between Groups 2 and 3 was not significant ( Table 2) .
The mean bending moment was 32,124.68 in Group 1, 6115.92 in Group 2, and 7210 in Group 3. ANO-VA showed significant differences between the groups (p < 0.05). The Tukey test showed significant differences between Group 1 and Groups 2 and 3 (p < 0.05). However, the difference between Groups 2 and 3 was not significant (Table 3) .
Although Group 1 showed the greatest rigidity and lowest deformation, there were no statistically significant differences according to ANOVA and Tukey tests (p > 0.05).
DISCUSSION
The present experimental study attempted to determine whether placement of an additional threaded plug at the fracture level could alter the biomechanics and resistance of the system in a sheep tibia model. We found that placement of a threaded plug in the hole at the fracture level improved the rigidity of the system and increased resistance to external impacts. Results obtained in Group 3 were better than those obtained in Group 2; however, the differences were not statistically significant. The data were confirmed in a finite element model of the tibia where generated and mechanical effects of loading forces were evaluated.
Following placement of the implant, the process of healing, which leads to osteogenesis in the surrounding region of the implant surface, starts. After installation of the implant, implant stability depends only on mechanical contact between the surrounding bone tissue and the implant. During successful healing, new bone formation facilitates implant stability over time, and the degree of initial implant stability (resistance to micromotion) is influenced by the implant design and its relation to the preparation for osteotomy. Micromo-
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Bending Moment (Nmm) tion of the implant may cause interfacial deformation of tissue, which can subsequently affect the type of tissue formed. Therefore, it is important to achieve sufficient implant stability for osteointegration (11) .
The mechanical loading of bone may positively influence bone mass by facilitating bone formation over bone resorption. It may increase bone mineral density and improve trabecular and cortical microarchitecture that contribute to bone strength (12). The interaction of various factors plays a role in the stabilization of the fracture and maintenance of appropriate physical and mechanical conditions after fixation (13).
The presence of an open hole in the load-bearing region of the plate results in stress concentration. To evaluate the effects of placing a threaded plug in the empty hole of a locking one-third tubular plate, Bellapianta et al. conducted FEA and then tested four different plate configurations at physiologically relevant loads experimentally using synthetic bone models. In their study, they found that the stress concentration factor reduced to 1.0, with reduction in stress to a level comparable to that with a solid plate (no hole) (14).
In another study, 20 five-hole tubular locking plates were mounted on an oak dowel with a 1 cm gap, and it was found that addition of screw-hole inserts did not change the biomechanical properties of the plate in a meaningful way (15). However, this was a simple study, and plate bending was not tested.
In a segmental defect model, Tompkins et al. tested the fatigue life of four constructs using an eight-hole locking plate. In their study, locking screws did not improve fatigue life; however, a locking button increased the fatigue life of the locking plate (16) .
In this current study, we used fresh sheep tibia bones, which were randomly allocated into three groups, and created a transverse fracture without a gap. The same implant design was used in this trial, but two different fixation methods and a control group were utilized. In our opinion, the weakness is evaluation of the effect of the threaded plug in distraction. Further research is necessary to demonstrate the effects of this approach in different applications.
The present study provides new insights on the biomechanics and interaction of forces in a sheep tibia model. Realistic representation of deformation and tension on exposure to forces with different implant fixation techniques provides useful data for circumstances in physiological conditions. We found that placement of an additional threaded plug at the fracture level can be beneficial for stabilization and resistance.
The present study had some limitations, including a small sample size and experimental design. On the other hand, one of the major strengths was the use of FEA that allowed assessment of whether a threaded plug could alter the mechanical resistance of an implant. However, during interpretation of our results, it should be noted that in orthopedic biomechanics, FEA is considered a comparative tool rather than a predictive measure.
CONCLUSION
The results of the present study suggest that placement of a threaded plug in the hole of an implant at the fracture level might provide additional rigidity and stability by improving resistance to loading forces. However, the benefit might not be significant. Further controlled trials with a larger series are required to further assess the present results.
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